ABSTRACT Groups of Folsomia candida (Willem) were chilled to 0ЊC and warmed back to room temperature to measure their locomotor response to cooling and determine the chill coma temperature of the species. Results showed that the frequency of walking springtails, in groups being chilled down to 0ЊC, was initially similar to that of control groups held at room temperature before consistently declining to chill coma thresholds well above the freezing point. Body size had a signiÞcant effect on response to chilling but not to recovery. Jumping, in groups being chilled, was absent from tests conducted in humid arenas but an important part of the locomotor response in dry arenas. Chill coma thresholds were higher in dry than in humid arenas. In a 4 Ð33ЊC thermal gradient, warm-acclimated and cold-acclimated springtails distributed themselves over the whole gradient, but with a preference for sections at 8 Ð11 and 5Ð 8ЊC, respectively. Together, test results did not support the hypothesis that, for F. candida, locomotion is the main strategy to avoid cold temperatures. Results suggest that F. candida remain in the upper soil layers as the season becomes colder and increase their cold tolerance to continue foraging in the food-rich upper soil layers. Survival of the species to freezing temperatures may depend more on development of cold tolerance and cold hardiness (supercooling) than on relocation to warmer deeper soil layers.
Folsomia candida (Willem), commonly known as the compost springtail, is an isotomid saprophagous springtail found in forests and grasslands throughout North America and Europe (Rö mbke et al. 2006 ). The species is blind but sensitive to light (Fox et al. 2007) . It disperses by walking and by jumping using six clawed legs and a short furcula arising from the abdomen, respectively. The biology and ecology of the species have been reviewed by Fountain and Hopkin (2005) . It is not an especially abundant species but, because of its ease of rearing, it has become an important standard insect in some International Standards Organization (ISO) and soil health tests (ISO 1999 , Natal-da-Luz et al. 2008 , Nelson et al. 2011 . The development of behavior-based tests such as soil contamination avoidance bio-assays is increasing the need for a better understanding of its short distance dispersal ecology (Aldaya et al. 2006 , Auclerc et al. 2010 .
Known or suspected triggers of dispersal for F. candida are air temperature (Fox et al. 2007 ), relative humidity (Fox et al. 2007) , food (Verhoef 1984 , Bengtsson et al. 1991 , Auclerc et al. 2010 , and light Ponge 1999, Fox et al. 2007 ). There is an abundant literature on thermal biology of insects, Collembola and mites with a strong focus on physiological mechanisms (e.g., Cannon and Block 1988 , Hazell and Bale 2011 , MacMillan and Sinclair 2011 , Sørensen and Holmstrup 2011 but the locomotion of Collembola (Fountain and Hopkin 2005) and F. candida, in particular (Johnson and Wellington 1983) , remains largely unstudied. This is especially true for short distance dispersal in response to temperature ßuctu-ations within any given day or as the cold season approaches.
Behavioral adjustment to temperature changes is not an uncommon strategy among organisms. For example, Huey and Pascual (2009) found evidence that the invasive European ßy Drosophila subobscura Collin uses behavioral compensation in terms of its daily time of activity. Some even consider behavioral thermoregulation one of the determining factors when predicting the vulnerability of organisms invading new territories or having to adapt to climate change (Deutsch et al. 2008) . At a smaller spatial scale, wide ßuctuations in temperature and moisture that may at times have to be avoided occur frequently at the surface of the soil. Each Collembola species has its own preferred temperature range within which it will settle (Babenko 1993) . In the case of F. candida, Fox et al. (2007) , while studying the effect of light on the movement of springtails, observed that a temperature difference of 8ЊC was sufÞcient to cause a signiÞcant preference for the cooler zone of choice test arenas by 92% of F. candida.
The lateral and vertical dispersal of F. candida in response to its biotic environment is not well known. Avoidance of freezing air temperatures by short distance dispersal to the deeper layers of leaf litter during the night, as observed for a snow surface springtail by Fox and Stroud (1986) , presumes retention of an ability to disperse at low temperatures.
F. candida is a hemi-edaphic species most commonly found in the fragmented leaf litter layer but also in the humus layer and even in the mineral layer more typical of the euedaphic species (Faber 1991 , Detsis 2000 . Although it was initially presumed that morphological differences determined the vertical distribution of the different species of Collembola in the soil column (Hale and Smith 1966) , other parameters including avoidance behavior of local unfavorable climatic conditions play a signiÞcant role in determining vertical distribution (Verhoef and van Selm 1983 , Hopkin 1997 , Detsis 2000 . Size may inßuence vertical distribution of Collembola in the soil column. It has been suggested that the smaller individuals, within a species, tend to inhabit deeper layers (Wolters 1983 , Detsis 2000 . This may result from a tendency to lay eggs in deeper layers or because the smaller size individuals are more sensitive to variations in humidity and have to stay in the deeper layers (Detsis 2000) . Alternatively, this could be related to a different dispersal response to environmental parameters such as temperature or relative humidity depending on size.
Collembola can react quickly and change their vertical distribution within a few hours (Whitford et al. 1981 , Hassall et al. 1986 ) when habitat changes occur, but it is not known within which temperature range they can redistribute (cooler temperatures could actually limit their ability to respond). Knowing that ambient temperature is one of the important triggers of dispersal in Collembola, and that dispersal from the upper soil layers to lower soil layers is suggested as one of the strategies used by Collembola to escape cold temperatures, we hypothesized that the locomotor activity of F. candida below its preferred temperature range would increase in search of a more ideal biotic environment. Our prediction was tested by chilling a group of adults down toward 0ЊC, recording their locomotor response to cooling, and determining the temperature corresponding to the end of spontaneous movement also referred to as chill coma temperature threshold (Hazell and Bale 2011) . The ability of the species to adapt to cold temperatures and its potential impact on the mobility of the springtails at temperatures close to the chill coma threshold was then tested. Finally, the thermo-preference of cold-acclimated and warm-acclimated F. candida in a dual choice assay and on a 4 Ð32ЊC gradient was used to determine if the insects would distribute evenly or would tend to move to the warmer zone(s) to avoid the lower temperatures.
Materials and Methods
Springtails. F. candida were obtained from a colony at the Nova Scotia Agricultural College originating from the Biological Methods Division of Environment Canada, Ottawa, ON, Canada. The springtails were cultured according to ISO (1999) and Environment Canada (2005) protocols on a moistened substrate of 9:1 (wt:wt) plaster of Paris: activated carbon powder (50 Ð200 mesh; Fisher). Springtails were maintained in a growth cabinet at 20ЊC in the dark and were fed dried bakerÕs yeast (Saccharomyces cerevisae). Synchronized cultures were established for the experiments by transferring egg clusters from stock cultures to new culture vessels. Two days after the start of hatching, juveniles were transferred into a new vessel where they received food and water. Warm-acclimated springtails 18 Ð26 d old, were used in the tests (1.4 Ð1.8 mm springtails were 18 Ð22 d old; 1.8 Ð2.2 mm springtails were 22Ð26 d old). For tests requiring cold-acclimated individuals, 16 Ð25 d old adult F. candida were collected from the colony maintained at 20ЊC and divided into two groups: one was maintained under the same conditions and the other was placed in a similar growth cabinet but at 10ЊC. The two subcolonies were exposed to their new environment for 5 d before the start of the experiment to ensure acclimation (based on preliminary observations). Groups of adults were collected daily and brought to the test area in darkened petri dishes maintained at 20ЊC for the unacclimated colony and in an ice box cooled with freeze packs for the cold-acclimated colony.
Thermopreference Range of Cold-Acclimated and Warm-Acclimated F. candida. To determine if the preference of F. candida for cooler temperatures determined by Fox (2007) over short periods of time would be maintained over longer exposure periods, the redistribution of cold-acclimated and warm-acclimated F. candida was monitored over a 6 h period using a temperature gradient (4 Ð33ЊC) generated over a linear temperature gradient aluminum bridge (30 ϫ 90 cm) (TGB-5030, TECA, Chicago, IL) linking AHP-1200CPV Cold/Warm Plate units (TECA) at each end. The bridge was lined with wet, black, cotton cloth to maintain constant 100% RH. The experimental chamber consisted of a 10 ϫ 90 cm or 10 ϫ 45 cm section of white plastic eavestrough (5 ϫ 10 cm in cross section) capped with aluminum foil and inverted over the cloth lined bridge. The bridge was subdivided into 12, 7.5 cm sections marked along its edge. The temperature gradient inside the 90 cm chamber was monitored using iButtons (Hygrochron Temperature and Humidity Data Logger, Maxim Integrated Products, Sunnyvale, CA) placed against the cloth surface in sections 1 (3.6 Ϯ 0.3), 4 (11.9 Ϯ 0.2), 7 (21.9 Ϯ 0.2), and 12 (33.1 Ϯ 0.1). The stability of the temperature gradient was monitored along the outer edge of the bridge throughout the tests using a YSI 408 surface probe and a scanning tele-thermometer (YSI model 47, Yellow Springs Instrumental Inc., Yellow Springs, OH). Twenty individuals were uniformly distributed (two springtails per temperature section) on the sur-face of the bridge within the chamber. The distribution of the springtails was recorded every 30 or 60 min for 6 h, depending on the test, by counting the number of individuals within each zone. All experiments were carried out under dark conditions within the chamber but the springtails were exposed to some illumination from the room when the chamber was gently lifted to record changes in distribution. Chi-square tests were used to determine if the distribution of the springtail differed signiÞcantly from random at the end of the observation period.
Influence of Cold Acclimation on Locomotor Activity and Chill Temperature. The inßuence of cold acclimation on the locomotor activity of F. candida at low temperatures close to the chill coma was investigated by recording the proportion of warm-acclimated and cold-acclimated springtails capable of walking when exposed consecutively to 13.2 Ϯ 0.2, 10.0 Ϯ 0.1, 6.4 Ϯ 0.1, and 6.0 Ϯ 0.1ЊC, and the time spent moving during each 30 s exposure. Tests were conducted on a linear temperature gradient aluminum bridge (30 ϫ 90 cm) (TGB-5030, TECA) bridging an AHP-1200CPV Cold/Warm Plate units (TECA) at each end generating a 4 Ð33ЊC gradient. Tests were conducted in a uniformly lighted room. Four 7.5 cm wide sections were marked along the edge of the bridge corresponding to the treatment temperatures measured with iButtons (Hygrochron Temperature and Humidity Data Logger, Maxim Integrated Products) placed on the surface. Groups of 16 springtails from the cold-acclimated and the warm-acclimated colonies were tested individually, each day, over a period of 6 d, for a total of 10 replicates. Each springtail was placed, and kept for 30 s, consecutively over each one of the four bridge sections selected randomly. The number of insects mobile at each temperature and the time spent walking during each exposure were recorded. Walking duration was recorded with an electronic stopwatch. Relative humidity was at 100% at the surface of the bridge because of condensation at the cold end of the aluminum plate. A 2 test was applied to comparisons of walking frequency and a StudentÕs t-test to mean duration for warm-acclimated and coldacclimated F. candida.
Locomotor Response to Chilling and Chill Coma Temperature Threshold. Test arenas consisting of covered clear plastic (85 mm) circular petri dishes were used to record the frequency walking and jumping activity of two sizes of F. candida as the temperature of dry and humid chamber arenas was consistently decreased. The tests were conducted within humid and dry arenas to account for a possible role of humidity. Tests were conducted with normal size adults and younger, smaller near adult individuals to determine if body size would affect the response to temperature changes.
In dry arenas, the ßoor of the dish was left unmodiÞed, and in humid chamber arenas, the ßoor was covered with a 2 mm layer of plaster of Paris saturated with water overnight. Change in relative humidity inside the arenas throughout a test period was regularly measured using an iButton (Hygrochron Temperature and Humidity Data Logger, Maxim Integrated Products). Typically, in tests at constant temperature, relative humidity remained constant at 28 Ð30% in dry arenas but rapidly increased to a constant 90 Ð95% in plaster of Paris covered arenas saturated with water (Fig. 1a) . In chill tests, in dry arenas, relative humidity increased and decreased inversely with temperature, reaching a peak at 85% when temperature was at its lowest (Fig. 1b) . In chill tests in plaster of Paris covered arenas, relative humidity increased rapidly in the Þrst 5 min before climbing slowly but steadily to 97% throughout the rest of each test (Fig. 1b) . The center of each arena was placed on the center of the 10 ϫ 10 cm square cold plate of a portable chill table (Chill Table 1429 , BioQuip Products Inc., Rancho Dominguez, CA) at room temperature in the laboratory. Using the chill table, temperature at the surface of the arena was dropped from 23.3 to 0.6ЊC and warmed back to room temperature over a period of 18 min in tests without plaster. The temperature was cooled from 22.4 to 1.8ЊC and warmed back to room temperature over a 20 min period in tests with plaster. Thirty springtails were placed at the center of the arena and the number of walking and jumping individuals recorded every 20 s. Surface temperature at the time of the counts was recorded every 20 s using an iButton (Hygrochron Temperature and Humidity Data Logger, Maxim Integrated Products) placed at the center of the arena immediately after the introduction of the springtails. Control trials where temperature was kept constant were alternated with the other trials. The control trials account for the loss of locomotor activity because of elapsed time rather than chilling. Chill coma temperature thresholds were determined from the data. Chill coma has been deÞned in many ways (Hazell and Bale 2011) but corresponds here to the end of spontaneous movement in response to low environmental temperatures. The temperature at which none of the cooled springtails showed spontaneous walking movement was taken to be the chill coma threshold. The highest temperature at which chill coma occurs is species speciÞc although it may vary according to the stage of development of the organism. Chill coma is generally reversible (Scott 1996 , Hawes et al. 2007 ) and chill coma recovery threshold was identiÞed as the temperature at which one or more insect resumed spontaneous walking movement. Student t-tests and 2 were used to compare means and total counts.
Results
Thermopreference of Cold-Acclimated and WarmAcclimated F. candida. Both the cold-acclimated and the warm-acclimated F. candida, released uniformly, dispersed unevenly within a 4 to 33ЊC temperature gradient (Fig. 2a,b) in the course of the Þrst hour after release. The warm-acclimated springtails adopted and retained a slightly bimodal distribution whereas the cold-acclimated springtails adopted and retained a unimodal distribution. After 6 h on the bridge gradient the distribution of warm-acclimated springtails differed signiÞcantly from random and indicated a preference for both high (29ЊC) and low (9 Ð12ЊC) temperatures ( 2 ϭ 81; df ϭ 9; P Ͻ 0.0001) (Fig. 3) . The distribution of cold-acclimated F. candida within the temperature gradient (Fig. 3 ) also differed signiÞ-cantly from random but indicated a deÞnite preference for the low (6 Ð9ЊC) temperature ( 2 ϭ 121.14; df ϭ 9; P Ͻ 0.0001). The distribution of cold-accli- Influence of Cold Acclimation on Locomotor Activity. Cold-acclimated F. candida had a higher level of locomotor activity than warm-acclimated individuals when exposed to low temperatures. Ninety-seven (96.9 Ϯ 2.2) percent of the warm-acclimated and 97.9 Ϯ 1.4% of cold-acclimated springtails dispersed as they were individually placed on a test plate at 13.1 Ϯ 0.2ЊC (Fig. 4) . However, only 38.5 Ϯ 10.5% of warmacclimated individuals dispersed at 6.0 Ϯ 0.1ЊC compared with 88.5 Ϯ 3.3% for cold-acclimated individuals ( 2 ϭ 10.62; P ϭ 0.0011). The greater mobility of the cold-acclimated springtails was evident not only in the frequency of individuals capable of movement but even more clearly in the duration of the walking activity for cold-acclimated individuals (Fig. 4) . Warmacclimated and cold-acclimated springtails spent a total of 47.9 Ϯ 0.8% and 45.7 Ϯ 1.1% of their 4,800 s exposure moving, respectively, at 13.1 Ϯ 0.2ЊC. However, warm-acclimated springtails spent only 9.8 Ϯ 3.5% of the overall time (47.0 Ϯ 16.8 s per replicate) dispersing at 6.0 Ϯ 0.1ЊC compared with 38.0 Ϯ 2.4% (182.5 Ϯ 11.7 s per replicate) for cold-acclimated springtails (t ϭ 7.791; df ϭ 9; P Ͻ 0.0001).
Locomotor Response to Chilling and Chill Coma Temperature Threshold. The walking activity of the small (1.4 Ð1.8 mm) and large (1.8 Ð2.2 mm) F. candida being chilled in humid arenas decreased slowly for Ϸ8 min (24 observation periods) in parallel with a slight decrease in the activity level of springtails maintained at a constant 22.7ЊC (Fig. 5) . Then, walking activity in the chilled arenas decreased faster than in the warm constant temperature arenas with small F. candida reaching a chill coma temperature threshold of 8.4 Ϯ 0.92ЊC, signiÞcantly higher (t ϭ 3.794; P Ͻ 0.001) than the 4.15 Ϯ 0.54ЊC of the large springtails (Fig. 5) . The large and small springtails resumed their activity once Fig. 4 . Comparative mobility of adult F. candida acclimated to warm (reared at 20ЊC) (OE) or cold for 1 wk at 10ЊC (f) after consecutive 30 s exposures to 13, 10, 6.5, and 6ЊC on a cold plate: Sixteen individuals were exposed to each temperature and the test was replicated six times. The mean total number of individuals moving and the mean total time spent moving for each treatment at each temperature are presented. the arenas had been warmed back to 15.4 Ϯ 0.81ЊC and 17 Ϯ 0.68ЊC (t ϭ 1.515; P Ͻ 0.074), respectively. The walking activity of springtails (of both sizes) maintained at 22.7ЊC stabilized at low temperatures before decreasing slightly again when temperature was risen (Fig. 5) . Walking was the only locomotor activity in humid arenas (no jumping) regardless of temperature treatment or springtail size, but both walking and jumping were observed in dry arenas.
The walking activity of small and large F. candida, being chilled or maintained in warm dry arenas, decreased earlier and faster than in humid arenas (Fig.  5) . Under dry conditions walking activity dropped to zero even in warm arenas. The chill coma temperature threshold of small springtails (9.9 Ϯ 0.46ЊC) was signiÞcantly higher than that of large springtails (7.9 Ϯ 0.38ЊC) (t ϭ 3.36; P Ͻ 0.004). The chill temperature threshold of small springtails was similar (t ϭ 1.480; P Ͻ 0.09) to that in humid arenas but that of large springtails was signiÞcantly higher (t ϭ 5.128; P Ͻ 0.0003). The large and small springtails resumed their walking activity after warming to similar (t ϭ 0.329; P ϭ 0.75) temperatures of 11.8 Ϯ 0.65 and 12.2 Ϯ 1.03, respectively. The walking activity of springtails in dry arenas maintained at 23ЊC also declined to and remained at zero. The physical appearance of the springtails suggested that the dry conditions in the warm arenas were already causing mortality among individuals being tested.
The chill coma temperature threshold for jumping of small springtails (18.7 Ϯ 0.7ЊC) tended to be higher than that of large springtails (16.3 Ϯ 1.3ЊC) but not signiÞcantly so (t ϭ 1.625; P ϭ 0.126). The large and small springtails resumed their jumping activity after warming to 15.88 Ϯ 1.09ЊC and 16.17 Ϯ 1.27ЊC, respectively (t ϭ 0.143; P Ͻ 0.143). Contrary to walking activity which resumed in all replicates after the period of coma, jumping activity resumed in only 50 and 80% of replicates with small and large springtails, respectively. The jumping activity of springtails in dry arenas maintained at 23ЊC also declined to zero but only after 9 and 8.13 min for the large and small springtails, respectively.
Discussion
Collembola spend considerable time in the upper layers of the soil column and are therefore exposed daily and seasonally to considerable environmental variations. It is likely that strategies evolved so that Collembola could escape extreme temperatures. It has been suggested that Collembola use locomotion to avoid low temperatures. The decrease in the proportion of Collembola in the soil upper layer during frost periods has been interpreted as the result of Collembola exposed to low temperatures trying to Þnd sheltered sites insulated from climatic extremes (e.g., Van der Woude and Verhoef 1986). Hassall et al. (1986) suggested that Collembola might be able to balance high mortality in the upper soil layers and reduced reproduction resulting from inferior feeding conditions in the lower layers by moving vertically in the soil column.
The escape behavior should occur before ambient temperature reaches the chill coma temperature threshold of the species or the insect could be trapped in the less hospitable environment. According to our results, this would occur well above freezing temperatures at 4.2ЊC under humid conditions and even higher (7.9ЊC) under drought conditions. Rapid escape by jumping has a high temperature threshold (16.3ЊC) and is therefore likely an adaptation better suited to escaping drought than cooling.
Because many species of Collembola are cold hardy (Sømme and Block 1982; Sinclair et al. 2003 Sinclair et al. , 2006 Chown and Convey 2007) additional tests were carried out to determine if cold-acclimation would make it possible for F. candida to retain their mobility beyond the chill coma temperature of warm-acclimated individuals. According to the tests, most individuals exposed for only a few days to 10ЊC (slightly above chill coma) retained their mobility at 4ЊC suggesting that the chill coma temperature threshold of coldacclimated individuals would be lower than that of warm-acclimated individuals. At least part of the F. candida population should retain its capacity to disperse within the soil layer at temperature approaching the freezing point. It also showed that cold-acclimation can develop over a relatively short period of time. Fox et al. (2007) have shown that F. candida will walk away from areas at 30 Ϯ 1ЊC into cooler areas (22 Ϯ 0.5ЊC). The results of our thermopreference test have shown that, given the opportunity, the species will continue to disperse and move away from these 22ЊC areas down to cooler 13ЊC areas. Together, results from Fox et al. (2007) and from this study suggest that locomotion is used by F. candida to avoid high temperatures and move toward preferred cool temperatures. Springtails chilled below 13ЊC did not display any renewal of locomotor activity to escape the dropping temperature but, rather, a continued decrease. Actually, only some 50% of the springtails were mobile at 13ЊC, and activity dropped consistently to zero at a chill coma temperature of 7.9ЊC in dry arenas and 4.2ЊC in humid arenas. Individuals chilled below the coma temperature threshold did not resume activity until environmental temperature had been brought back to 17.0 and 11.8ЊC in humid and dry arenas, respectively. It is important to note that many individuals will have reached chill coma at a higher temperature than the Þnal chill coma, because Þnal chill coma was recorded as the temperature at which the entire group within a replicate stopped moving. In the opposite, recovery threshold refers to the Þrst individual in the group having resumed activity.
The results of our tests do not support the hypothesis of locomotion as a strategy to avoid cooling temperatures, at least with F. candida. On the contrary, data suggest that F. candida moves toward cold temperatures within its preferred range.
Each Collembola species has its own preferred temperature range within which it will settle (Babenko 1993) . Babenko (1993) Fountain and Hopkin (2005) for F. candida. Jänsch et al. (2005) reported a temperature range of 10 Ð26ЊC for F. candida and recommended a temperature range of 15Ð 20ЊC for ecotoxicological tests. In our tests, cold-acclimated and warm-acclimated F. candida adults redistributed themselves toward the cooler end of the gradient plate 4 Ð33ЊC range but remained present over the whole gradient up to 6 h after release. The quick redistribution of the springtails within the Þrst hour of exposure suggests a strong preference for cool temperatures but the occupation of the overall temperature range demonstrates the plasticity of the species. The absence of the warm-acclimated individuals from the 4ЊC section of the range is in agreement with the chill coma threshold of 4.2ЊC determined in the same study. A surprising number of springtails were recorded at 29 Ð33ЊC even though an upper temperature of 26ЊC had been suggested for the species by Snider and Butcher (1973) . Collembola can lose considerable amounts of water through their cuticle and are therefore expected to increase their dispersal activity to escape dry conditions and survive (Joosse and Groen 1970, Verhoef and Nagelkerke 1977) . It was originally believed that Collembola needed to resort to vertical migration not only to escape cold temperature but also water deÞcit (Bayley and Holmstrup 1999) . It has now been established that some species like F. candida can rapidly adapt to drought stress through physiological changes that also provide them with cold tolerance (Holmstrup et al. 2001 , Waagner et al. 2012 . Physiological over-wintering changes previously thought to be a response to cold could in fact be a more universal desiccation tolerance mechanism (Holmstrup et al. 2001) . According to Bayley and Holmstrup (1999) the drought acclimation mechanism would allow F. candida to remain active in the same range of drought intensities that plants are capable of surviving and that occurs throughout the root zone.
The absence of increase walking activity in response to the initial extreme drought stress of the dry arenas in this study corresponds to the reported cessation of locomotion activity that accompanies drought acclimation at relative humidity below 98%. For example, Waagner et al. (2012) report that mildly droughtstressed F. candida (98.2%) have normal appearance and are active after 34 d but that individuals exposed to severe drought (96.1%) become yellowish, wrinkled, and cease locomotor activity after 12 d of drought exposure. Survival below 90% RH is limited to hours according to Bayley and Holmstrup (1999) . The accompanying increased chill coma temperature threshold recorded here may also be as much part of the drought acclimation process than the cold acclimation process (Testerink 1983 , Waagner et al. 2012 ) but this discussion is beyond the objectives of this study.
However, behavioral avoidance was not entirely absent and some F. candida responded to the initial stress of a dry environment by a switch of locomotor activity from walking to jumping. This would allow quick surface relocation from dry to more humid micro-habitats. Our results conÞrm the suggestion of Johnson and Wellington (1983) that F. candida only "springs" to avoid dry conditions. Because relative humidity and temperature are inversely related, it is likely that the use of jumping as surface escape behavior from dry conditions is limited to temperatures well above the chill coma temperature thresholds. One can also speculate on a higher energetic requirement for jumping than for walking that would restrain its use to higher temperatures and extreme situations requiring quick relocation. Escaping predators, for example, requires quick avoidance and is also more likely to be required when predators are the most active, at high temperatures. Jumping may have been limited to the beginning of the chilling test and its control with no recovery as temperature was increased again because the springtails had expanded too much energy but it may also have been as a consequence of the sustained exposure to the harsh dry conditions that had generated the escape behavior.
Although F. candida occupied a wide range of temperatures, it had a preference for temperatures close to the chill coma threshold typical of those encountered during the transition from summer or fall to winter. With this preference for cooler temperatures the springtails can build up their level of cold tolerance and continue to forage in the food rich soil upper layers through longer segments of fall and winter. This is not an unlikely strategy because F. candida does not enter diapause, but merely lowers its metabolic rate during colder periods (de Boer et al. 2010) . More research will be required to determine if, as a result, the species tends to be trapped in the upper layers where it would rely on its ability to supercool to survive or if it tends to escape to the deeper warmer soil layers.
Although the chill coma temperature threshold is characteristic of a species, it is not uncommon for it to vary between life stages (Hosler et al. 2000) . The high chill temperature of the light individuals may have simply resulted from their small mass relative to the heavy individuals. The two sizes of F. candida tested here also represent different successive stages of this hemimetabolous species. Changes in developmental rates caused by winter warming and cooling events have the potential to affect local survival of this or other similar species thereby shifting community composition (e.g., Bokhorst et al. 2011) . The increased frequency of cooling and warming events expected to take place in the future because of ongoing rapid climatic change (Christensen et al. 2007 ) may favor soil fauna species such as F. candida that are mobile over a wide range of temperatures and have the ability to adapt rapidly to cooling temperatures. tion of Kealtie Colwell, Alycia Fennings, and P.C. McCarthy to the project.
